This paper proposes an improved adaptive algorithm for components localization and extraction from a noisy multicomponent signal time-frequency distribution (TFD). The algorithm, based on the intersection of confidence intervals (ICI) rule, does not require any a priori knowledge of signal components and their mixture. Its efficiency is significantly enhanced by using high resolution and reduced cross-terms TFDs. The obtained results are compared for different signal-to-noise ratios (SNRs) and various time and lag window types used in the modified B-distribution (MBD) calculation, proving the method to be a valuable tool in noisy multicomponent signals components extraction in the time-frequency (TF) domain.
Furthermore, when dealing with multicomponent signals, the components extraction often precedes other signal processing procedures, such as for example the components instantaneous frequency (IF) estimation [3] . Numerous components extraction procedures have been proposed, often termed as blind source separation (BSS) techniques [4] . Unlike in [5] where the fixed size bandwidths based BSS algorithm was used, in the here proposed method we have introduced adaptivity in the bandwidth size selection. This has resulted in improved components localization and extraction from a noisy multicomponent signal TFD.
COMPONENTS EXTRACTION PROCEDURE
In this section, we present an improved components selection and extraction algorithm from a noisy multicomponent signal based on the adaptive bandwidth size calculated for each time instant of the signal TFD.
The algorithm
The algorithm (see the flowchart in Fig. 1 ) has several major steps:
and the TFD slice ρ(t 0 , f) selection
•
Step 3: Adaptive bandwidth detection (for each time instant t 0 and each component apart)
Step 4: The selected bandwidth (defined by its bound-
is used to localize the considered component for the time instant t 0 , (where f 0 (t 0 ) is the frequency for which the TFD slice ρ(t 0 − 1, f) reaches its maximum). Note that ρ(t 0 − 1, f) is used in order to insure the IF continuity, f l (t 0 ) and f r (t 0 ) are the adaptive varying bandwidth lengths calculated using the intersection of confidence (ICI) rule for each time instant apart [3] .
• Step 5: Once the component is localized for the time instant t 0 , it is extracted from the TFD so that ρ(
The above procedure is then repeated for each time instant of ρ(t, f ) as long as the ρ( 
TFD choice
Due to the presence of a undesirable interference terms, the choice of an appropriate TFD for a given multicomponent signal representation in the (t, f ) domain is of crucial importance for the components extraction efficiency. Furthermore, the TFD is expected to have high TF resolution. In general, there exists a tradeoff between those two TFD features [2] which led to various RIDs, one being the MBD, which was shown to outperform other fixed-kernel TFDs in terms of cross-terms reduction and resolution enhancement [2] :
where the parameter β controls the TF resolution and cross term suppression (0 < β ≤ 1).
Although the MBD was used in this paper due to its prominent properties in the multicomponent signal TF representation, other high TF resolution and reduced cross-terms TFDs can be also used with the signal components extraction algorithm proposed in this paper.
Adaptive bandwidth size selection method
For the adaptive bandwidth size calculation we have used a method based on the ICI rule [6] . The method's first step (see the flowchart in Fig. 2 ) is to find f 0 for each TFD slice ρ(t 0 , f) such that the slice ρ(t 0 − 1, f) reaches its maximum in (t 0 − 1, f 0 ). Once f 0 is found, the method calculates the subbandwidths f + l (t 0 ) and f + r (t 0 ) which form the overall bandwidth for the considered time instant t 0 , defined as
In order to get the subbandwidths f l (t 0 ) and f r (t 0 ), the ICI rule introduces two sequences of growing subbandwidths lengths to the left hand and the right hand side of f 0 , denoted as K l and K r , where
The accompanying confidence intervals are: where the lower limits L l (t 0 , k l ) and L r (t 0 , k r ) and the upper limits U l (t 0 , k l ) and U r (t 0 , k r ) (the indices l and r stand for the left hand and the right hand side of f 0 ), are respectively defined as:
The parameter Γ regulates the confidence interval width (where the probability P (Γ) → 1 as Γ grows), and σ(t 0 , k) is the standard deviation of the estimatedρ(t 0 , f 0 ) value [6] . The ICI rule then tracks the values of the largest lower and the smallest upper confidence intervals limits for each sequence of confidence intervals D l (t 0 , k l ) and D r (t 0 , k r ), defined as: giving the subbandwidth size f + l (t 0 ) as the largest one for which it is still true that:
and the subbandwidth size f + r (t 0 ) as the largest one for which it is true that:
The f + l (t 0 ) and f + r (t 0 ) were shown to be the subbandwidth lengths closest to the optimal lengths f * l (t 0 ) and f * r (t 0 ), respectively, giving the optimal bias to variance tradeoff and minimizing the estimation mean square error (MSE) [3] .
SIMULATION RESULTS AND DISCUSSION
The proposed method for components localization and extraction was applied to a noisy three component signal (with the length N = 128) of the form The method's component extraction efficiency has been analyzed for various time and lag window types and lengths h used in the MBD calculation, as well as for different SNRs. The results of the components extraction using the proposed adaptive method are given in Fig. 3 , showing that each component was precisely localized and extracted. However, the method performance is effected by the TFD cross-terms suppression and TF resolution capabilities which depend on the MBD time and lag window lengths [2] . The remaining MBD energy after the components extraction (averaged over m = Table 1 gives the results of the remaining TFD energy after the components extraction for different SNRs and Γ values. The choice of Γ affects the time-varying bandwidth size selection, and thus the component extraction quality, as shown in Fig. 6 . Too small Γ values give undersized bandwidth lengths which result in omitting some parts of the considered component, hence increasing the remaining TFD energy after the components extraction. On the other hand, too large Γ values result in oversized bandwidth lengths which may lead to inaccurate component selection (e.g. selecting segments of neighboring components), although the remaining MBD energy after the extraction would be smaller than the one obtained using a smaller Γ value. Thus, when evaluating the method performance, beside the remaining TFD energy after the component extraction, one should also take into consideration whether the components are correctly localized, as ensured by this proposed algorithm.
CONCLUSION
This paper presents an automatic adaptive method to localize and extract signal components from a noisy multicomponent signal TFD. The method is based on the asymmetrical adaptive bandwidth selection for each time instant and each component apart. In order to get the proper bandwidth size, the ICI rule was used. The method's performance was analyzed for different SNRs and various time and lag window lengths and types used in the MBD calculation. The presented results show that the method is an efficient tool for automatic components extraction of noisy multicomponent signals in the TF domain.
